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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent error in load 
torque estimation from increasing when a motor rotates 
at a low speed, and to avoid its unstable operation by 
controlling the driving torque of the motor on the basis of 
a first torque command. 

SOLUTION: In this controller, a first estimated load 
torque Tep1 e stimated by a load torque estimating 
means 1 passes a manipulated variable reducing means 
2, and its output is inputted into a torque adding means 7 
as a second estimated load torque Tep2. The adding 
means 7 adds the second command Tref2 and the 
second torque Tep2 outputted from the decreasing 
means 2, and outputs it as a first torque command Trefl 
to a torque controller 5 and the estimating means 1. The 
decreasing means 2 has a gain characteristic which limits an output value according to a 
speed (o, and an added quantity of an estimated load torque is gradually decreased as the 
absolute value of the speed becomes smaller. Consequently, unstable operation caused by 
increase of the error of load torque estimation which occurs when the motor rotates at a low 
speed is evaded. 
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increasing when a motor rotates at a low speed, and to avoid its 
unstable 

operation by controlling the driving torque of the motor on the basis 
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first torque command. 
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means 1. The decreasing means 2 has a gain characteristic which 
limits an 

output value according to a speed Iomega;, and an added quantity of 
an 

estimated load torque is gradually decreased as the absolute value of 
the speed 

becomes smaller. Consequently, unstable operation caused by increase 
of the 

error of load torque estimation which occurs when the motor rotates 

at a low 

speed is evaded. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of" this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control unit of the motor controlled to control the 

rotational -speed fluctuation by load torque fluctuation. 

[0002] 

[Description of the Prior Art] As a control unit of the motor which controls the rotational-speed 
fluctuation under the effect of load torque fluctuation, the thing with the control configuration which 
controls the effect of load torque using the presumed means of load torque as shown in drawing 4 is 
proposed conventionally. Hereafter, it explains, referring to a drawing. 
[0003] For the motor by which 4 becomes a controlled system, and 5, as for a speed-control 
compensator and 1, in drawing 4 , a torque control machine and 6 are [ a load torque presumption means 
and 7 ] torque addition means, in addition, J — the inertia of a motor and a load, and s - the Laplacian 
operator and Tl — load torque and Tm — for a motor rate and omegaref, as for the 1st presumed load 
torque and Trefl, a rate command and Tlpl are [ motor driving torque and Ta / acceleration torque and 
omega / the 1st torque command and Tref2 ] the 2nd torque command. 

[0004] Next, actuation is explained. The rate omega of a motor 4 is outputted to a subtractor 8 and the 
load torque presumption means 1 . In a subtractor 8, a rate omega is subtracted from rate command 
omegaref, and the error is outputted to the speed-control compensator 6. The rate command compensator 
6 is carried out proportionality and integral compensation based on the inputted speed error, and outputs 
the 2nd torque command Tref2 to the torque addition means 7. The torque addition means 7 adds the 
2nd torque command Tref2 and the 1st presumed load torque Tlpl outputted from the load torque 
presumption means 1, and outputs it to the torque control machine 5 and the load torque presumption 
means 1 as the 1st torque command Trefl. The torque control machine 5 carries out drive control so that 
the 1st the torque command Trefl and motor driving torque Tm may be in agreement. 
[0005] Next, actuation of the load torque presumption means 1 is explained. The load torque 
presumption means 1 is Tlpl= (Trefl- Jns****/(taus+l) ... (formula 1)) from the 1st torque command 
Trefl which the rate omega and the torque addition means 7 of a motor 4 outputted. . 
It becomes. The 1st presumed load torque Tlpl is presumed by this formula 1, and it outputs. However, 
Jn is the nominal value of inertia and tau is a filter time constant for high region stabilization. Moreover, 
suppose the response of the torque control machine 5 that it is quick enough and motor driving torque is 
mostly outputted with a torque command. 

[0006] By adding the load torque Tlpl presumed by the above-mentioned formula 1 to the 2nd torque 
command Tref2, and considering as the 1st torque command Trefl , the effect of the load torque Tl was 
negated and rotational-speed fluctuation is controlled. 
[0007] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned conventional 
configuration, since differential processing of a rate was included in a load torque presumption 
operation, the load torque presumption error might increase at the time of the low speed to which speed 
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detection precision falls, and actuation might become unstable. Generally, speed detection counts the 
pulse which the encoder attached in the motor outputs, and although carried out by reading a count 
difference for every fixed sampling period, since the pulse number within a count difference, i.e., a 
sampling period, decreases at the time of a low speed, speed detection precision will fall. In order that 
differential processing may raise the gain of a high region frequency, the differential of a rate to which 
precision fell makes control very unstable. In that to which especially the control unit of a motor 
performs point-to-point control, since there was a rate zero state which a motor surely stops working, 
this was a big technical problem. 

[0008] Moreover, when the motor or load which is a controlled system had resonance and the resonance 
frequency was in the band of the load torque compensation processing by presumed load torque, load 
torque compensation processing might excite resonance vibration. 

[0009] Such a conventional technical problem is solved, a load torque presumption error increases at the 
time of a low speed, and this invention aims at offering the control unit of the motor which avoids that 
actuation becomes unstable. 
[0010] 

[Means for Solving the Problem] A load torque presumption means by which this invention presumes 
load torque from the 1st torque command and rate in order to solve the above-mentioned technical 
problem, A control input reduction means to decrease the 1st presumed load torque which a load torque 
presumption means outputs at the time of a low speed, and to output as 2nd presumed load torque, It 
constitutes from a torque control machine which controls the driving torque of a motor based on the 
torque addition means which adds the 2nd torque command which a speed-control compensator outputs, 
and said 2nd presumed load torque, and is considered as the 1st torque command, and the 1st torque 
command. 

[001 1] It is avoidable that the amount of addition of the presumed load torque to which the presumed 
error is increasing decreases, and actuation becomes unstable with the above-mentioned means at the 
time of a low speed. 
[0012] 

[Embodiment of the Invention] A load torque presumption means by which this invention presumes load 
torque from the 1st torque command and rate in order to solve the above-mentioned technical problem, 
A control input reduction means to decrease the 1st presumed load torque which a load torque 
presumption means outputs at the time of a low speed, and to output as 2nd presumed load torque, It 
constitutes from a torque control machine which controls the driving torque of a motor based on the 
torque addition means which adds the 2nd torque command which a speed-control compensator outputs, 
and said 2nd presumed load torque, and is considered as the 1st torque command, and the 1st torque 
command. 

[0013] Moreover, the low-speed judging of a control input reduction means is taken as the configuration 
performed with the number of encoder pulses in a rate sampling period. 

[0014] Furthermore, the torque filter which the output of a torque addition means is made to pass 
through a low pass filter, a notch filter, or its both sides, and is considered as the 1st torque command is 
prepared. 

[0015] Thus, in what established a control input reduction means to have decreased the 1st presumed 
load torque which a load torque presumption means outputs at the time of a low speed, and to output as 
2nd presumed load torque, it is avoidable that the amount of addition of the presumed load torque to 
which the presumed error is increasing decreases, and actuation becomes unstable at the time of a low 
speed. 

[0016] moreover — what was considered as the configuration which performs the low-speed judging of a 
control input reduction means with the number of encoder pulses in a rate sampling period - an encoder 
— since reduction processing of a control input starts when resolution is changed and speed detection 
precision falls to same extent, it cannot be based on an encoder but the same stability can be acquired. 
[0017] Furthermore, in what prepared the torque filter which the output of a torque addition means is 
made to pass through a low pass filter, a notch filter, or its both sides, and is considered as the 1st torque 
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command, even when a controlled system has resonance, the frequency component which excites 
resonance with a torque filter can be removed, and it can be compatible in control and resonance control 
of load torque. 
[0018] 

[Example] The example of this invention is explained with reference to a drawing below. 
[0019] (Example 1) Since drawing 1 is the block diagram showing the configuration of the motor 
control equipment in the 1 st example of this invention and is the same as that of what was shown in 
drawing 4 already explained fundamentally, the same sign is given to the same part and the explanation 
is omitted. 

[0020] The 1st presumed load torque Tlpl presumed with the load torque presumption means 1 passes 
the control input reduction means 2, and the output is inputted into the torque addition means 7 as 2nd 
presumed load torque Tlp2. The torque addition means 7 adds the 2nd torque command Tref2 and the 
2nd presumed load torque Tlp2 outputted from the control input reduction means 2, and outputs it to the 
torque control machine 5 and the load torque presumption means 1 as the 1st torque command Trefl. 
Others are the same as that of drawing 4 . 

[0021] Next, actuation of the control input reduction means 2 is explained. The control input reduction 
means 2 has the gain characteristics which restrict an output value according to a rate omega, as shown 
in drawing 2 . That is, when an output is decreased gradually and an absolute value becomes small from 
V2 further as the absolute value of a rate becomes smaller than VI, it has the property which sets an 
output to 0 completely. Therefore, the unstable actuation which ceases to perform entirely compensation 
by presumed load torque if the amount of addition of presumed load torque decreases gradually as the 
absolute value of a rate becomes smaller than VI with the control input reduction means 2, and an 
absolute value becomes still smaller than V2, and is caused by increase of the load torque presumption 
error at the time of a low speed is avoidable. 

[0022] In addition, the property of the control input reduction means 2 may be the shape of the shape not 
of a straight line but a curve shown in drawing 2 . Moreover, you may be V2=V1, and you may be V2=0 
and the almost same effectiveness is acquired. 

[0023] Furthermore, the control unit of a motor is general -purpose, and when it may be combined with 
some motors by which the resolution of the attached encoder differs, it is good also as a configuration 
which performs the low-speed judging of the control input reduction means 2 with the number of 
encoder pulses in a rate sampling period. The same stability can be acquired even when the resolution of 
an encoder is changed. 

[0024] (Example 2) Since drawing 3 is the block diagram showing the configuration of the motor 
control equipment in the 2nd example of this invention and is the same as that of what was shown in 
drawing 1 already explained fundamentally, the same sign is given to the same part and the explanation 
is omitted. 

[0025] The 1st presumed load torque Tlpl presumed with the load torque presumption means 1 passes 
the control input reduction means 2, and the output is inputted into the torque addition means 7 as 2nd 
presumed load torque Tlp2. the 2nd presumed load torque Tlp2 to which the torque addition means 7 
was outputted from the 2nd torque command Tref2 and the control input reduction means 2 - adding - 
the output - a low pass filter 10, a notch filter 9, or its both sides -- since - the torque filter 3 which 
changes is passed and it outputs to the torque control machine 5 and the load torque presumption means 
1 as the 1st torque command Trefl . Others are the same as that of drawing 1 . 
[0026] thus, the frequency component which will excite resonance from the driving torque of a motor 
according to the effectiveness of the torque filter 3 if it carries out - being removable — a sake — a 
motor — a comb — a load ~ resonance ~ having — a case ~ it is — even if this — it can control . 
Therefore, resonance control can be performed while controlling the effect of the load torque Tl by the 
2nd presumed load torque Tlp2. 

[0027] moreover, according to this configuration, the torque filter 3 acts in common also to the output of 
the speed-control compensator 6 rather than acts only on the output of the load torque presumption 
means 2 - things - ** That is, the filter is acting to the driving torque of a motor and there is higher 
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resonance depressor effect compared with the case where only one of the output of the speed-control 
compensator 6 and the outputs of the load torque presumption means 2 is made to pass a filter. 
[0028] By furthermore sharing the filter of load torque compensation and speed-control compensation as 
a torque filter 3, also when not carrying out load torque compensation, the torque filter 3 can be 
effectively utilized as a filter for the speed-control compensator 6. Software processing can be simplified 
when circuitry can be simplified compared with the case where the filter which became independent, 
respectively is prepared when realizing by hardware, such as an analog circuit, and software realizes. 
[0029] 

[Effect of the Invention] According to invention according to claim 1, the unstable actuation caused by 

increase of a load torque presumption error is avoidable by decreasing a control input at the time of a 

low speed so that clearly from the publication of the above-mentioned example. 

[0030] moreover, the thing which is considered as the configuration which performs a low-speed 

judging with the number of encoder pulses in a rate sampling period according to invention according to 

claim 2 — an encoder — the same stability can be acquired even when resolution is changed. 

[003 1] Since the frequency component which excites resonance from driving torque with a torque filter 

is furthermore removed according to invention according to claim 3 even when a controlled system has 

resonance, it is compatible in control of the velocity turbulence by load torque fluctuation, and control 

of vibration by resonance. 

[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



11/29/2005 



